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2.4  Hoverflies

The significance of hoverflies (Syrphidae) as flower visitors is everywhere acknowledged, but there are only a few clear statements about the efficiency of these animals under glasshouse conditions (e.g. Ohsawa & Namai 1987, 1988).  It is comparatively common to report on rearing studies (without the complete reproductory cycle) and successful culturing of phytophagous and aphidophagous species (Hovemeyer 1985, Roder 1990, Tornier 1993).  The use of both groups failed under the given conditions of the genebank.  The expense of rearing is disproportionately high, because one must either draw in the established larval food plants, or manage large-scale aphid culture.  There are scarcely any studies on the mass rearing of species with saprophagous larvae (Kobayashi 1974, 1979).  Even successful maintenance cultures are rarely reported (eg Heal 1989).


In the years 1987 to 1989 in Gatersleben, we had a long-term culture of Helophilus pendulus which was abandoned because of the unsuitable flower preference (Chenopodiaceae).  Other syrphid species with saprophagous larvae were bred over several years successfully in the field to study their biology, particularly Eristalis tenax.  Methodological problems occurred with the age structure (synchronous development of the larger individuals) and cannibalistic feeding of the larvae.  This was noticeable particularly at high density with mixed-age larvae of Helophilus pendulus.  Despite an abundance of food and continuous changes of water, there were no puparia at all from the rearings, since larvae of the 1st and 2nd instars ate those of the 3rd instar.  Therefore only same-aged larvae should be kept together.


From time to time considerable harm was done by parasites and predators in the field and sometimes also under laboratory conditions.  These were mainly staphylinid beetles which ate the eggs.  The muscid species Graphomya maculata laid a single egg at a time (or a larva ?) on the body of a rat-tailed larva (L3).  To do that the female fly climbs down the breathing tube completely under water - for flies this represents an extreme adaptation.  Until pupation the fly larva feeds on further rat-tailed larvae, and hitherto no preference among species could be established.  Otherwise insectivores such as shrews and several bird species catch larvae and puparia.


During field rearing of several eristalines there were interesting differences in breeding site relating to choice of oviposition site and oviposition behaviour.  Female Helophilus pendulus stick their eggs onto hanging or horizontally placed plant parts lying over free surfaces of relatively clean water bodies.  The eclosing larvae allow themselves to fall.  Helophilus trivittatus build rafts or littel boats of their egg-batch, free-floating on the water meniscus, which resemble those of mosquitoes.  In Myathropa florea hitherto we have only seen spontaneous oviposition on an empty Helophilus puparium.  This occurred in a petridish in a 1st-floor structure against a window that was only there for the observing of adult eclosion.  Eristalis arbustorum and Lathyrophthalmus aeneus oviposit on wet dung in nature.  The females of these two species hide their batches from parasites and the predatory staphylinids mentioned above  in crevices and small cracks.  Eristalis tenax prefers loose damp soil in the immediate vicinity of the breeding substrate.  After eclosion the larvae must reach the medium themselves, where they feed mainly on undigested plant parts.


SEM views of the exochorion and other species-specific structures of syrphid eggs can be seen in Figs 1-3 (see also Klein-Krautheim 1936; Kula 1988).  The significance of the sponge-like structures is doubtless mainly in their water-uptake capability.  To this end the intact surface cannot be wetted (oxygen supply ?).  The contents flood out via small amounts of damage to the contours, a rushing away which the surface tension of the water exaggerates in individual eggs and in entire batches by the repulsion principle.  


Rearing studies in the laboratory gave a whole mass of further observations over the course of time, which did not correspond in every case with those from the field.  Preliminary studies of the biology of incoming species have been drawn together into simplified overviews (below).  Gaps in the lifecycle result from the varied lengths and intensities of the studies.


In 1993 there occurred the laboratory rearing and associated building up of a mass culture of Eristalis arbustorum, apparently the first mass production of eristalines in Europe.  The exact description of the method and particularl conditions  will be left to a separate description.  Experimental (studies of) the activity of this species is possible at the earliest from 1994.  Eristalis arbustorum takes a similar spectrum of food to Osmia, particularly umbellifers but also sometimes other plant species.


In Lathyrophthalmus aeneus until now only a maintenance culture has succeeded.  Our current studies with this species will also be presented in similar form.  Following Roder (1990) this species is taken to be halophilic.  Our field observations in the region bear on this supposition, since their larvae could only be found in highly concentrated liquid manure.  Under adverse conditions they dry up completely, and on rewetting (eg through rainfall) they develop further apparently normally.  In the laboratory we filled plastic dishes with oats and water, and in a choice test offered them for oviposition with and without urea and cooking salt.  All batches of Lathyrophthalmus aeneus eggs were found in the dishes containing no salt.  Therefore there ought to be no close association with the salt content of the breeding waters.  It has not been mentioned yet that all the named species of syrphids appear to be resistant to fly-specific fungi.

3
Prospect

The combined action of solitary bees and hoverflies will probably represent the optimal solution for the concerns of the genebank.  Urgent objectives of future research work are the exact quantification of the visitor densities for plant gene transfer (lit. kinship) and the associated animal species.  Also the exploration of the autecology of the available insect species and from it the resulting simplification of rearing techniques lie in the interests of the genebank.

Rearing details

Eristalis arbustorum

In 1988 and 1989 the culturing studies of this species in captivity from larvae and adults from the field remained without success.  Long-term rearing under laboratory conditions (at the moment in the 4th generation at 20 C and at least 10 hrs light for adults, outside temperatures and completely shaded positions for larvae.  At the end of September 1993 no more pupation, and in part different developmental pathways in larvae from the same batch of eggs !)

Egg

2-3 days  (colour change of fertilised eggs from yellow-white to grey)

L1-L3

21-28 days (with night minima of 10 C), 



including rest- and wandering phase (overwintering)

Puparium
13-16 days

Imago 

28 - 40 (87) days.  Both sexes need water, sugar and pollen for their development.  For successful rearing, high densities appear to be an essential precondition (40 equal-aged animals, sex ratio <= 1)

Female
Copulation (very rarely seen) occurs not (only) in flight.  The eggs are mostly hidden in the substrate, laid in wheat grains or between oat kernels, not stuck.  Individual large batches (or several females ?) or several laying times.  Difficult to coordinate because of the high density.  One batch of 220 eggs (218 fertile) gave 63 male and 68 female adults (survival 59.5%, sex ratio 0.93).  Deposit of an unfertilised batch of 30 eggs after 4 months.

Larval food
E.arbustorum is in the field a secondary colonist of the trap-nests of Helophilus pendulus after the addition of more food.  Oviposition medium:  damp humus/soil, soaked cereal.  For larval rearing initially fallen leaves were used, egg-pasta (eierteigwaren) or (angegorene) legume seeds.  Subsequently we used as a suitable substrate for oviposition and larval rearing threshed oats with wheat grains, soaked in water, and if necessary kept anaerobically for a few days (resulting in the death of the germ).  An infection of rhodospirillae has not yet appeared.  Cannibalism plays a haphazard role in this species.  In the wandering phase the mature 3rd-instar larvae leave the rearing vessels only when the substrate is very liquid, and when a high density of younger instars creates strong movement of the surface.  Pupation follows in the immediate neighborhood of the rearing beakers.

Helophilus pendulus

Lengthy rearing under laboratory conditions (20 C and at least 10 h light)

Egg
2-3 days, colour change in fertilised eggs from white to grey

L1-L3
28-35 days in continuous light, several months (up to 6 tested) in short days or darkness and low temperatures.  Includes rest- and wandering phases (overwintering).

Puparium
14-16 days, even shorter on average in males

Imago
on average 60 days, in males mostly somewhat shorter.  Both sexes need water, sugar and pollen for development.

Females
First cycle:  copulation (up to one hour) after (8) 12-24 days (related to feeding state).  Oviposition on the 5/6 to 7/8 ‘th day (dependent on feeding state) in 2-3 batches, with extras laid the following day.  Eggs stuck by the lower pole to partly unsuitable places (perpendicular hanging or horizonatlly standing).  Number up to 125, of which about 90% are fertile.


Second cycle:  copulation (minutes) commonly on the day of ovipositing the extras.  Oviposition after 10 days. 60-100 eggs in two or more batches following on from one another.


Third cycle:  copulation (as the second, lasting only seconds on the further following days).  Oviposition after 10-14 days, 95-115 eggs in 3 or more batches.  Subsequent decline in activity, occasional further copulation, egg development incomplete, no further oviposition observed.

The shortest developmental cycle from egg to the first oviposition took about 60 days under the described conditions of captivity.

Larval feeding:
dry herbs and shoots of soft, nitrogen-rich types of leaves (‘Brennessel’, elder, ‘Zaunrube’) in clear water (first colonisation).  Frequent changes or continuous through-flow is necessary for high densities.  Heavily laden, nitrogen-rich, oxygen-poor waters are unsuitable (liquid manure, media for Eristalis rearing, etc).  Infection with rhodospirillae leads to the collapse of the whole culture, because the larvae are partly cannibalistic.  Younger instars continually eat older or sick, same-aged larvae.  In the wandering phase the mature 3rd-instar larvae leave the rearing vessels to pupate in moderately or completely dry media.  Via this the glass walls are overcome and sometimes (a distance of) several metres is covered.  In dry sawdust pupation follows immediately.

Lathyrophthalmus aeneus

In 1988-89 the rearing studies described below using larvae and adults from the field remained unsuccessful.  Field captures of adults in June 1993.  One batch on 14 June 1993, about 150 eggs.  Larvae eclosed 17 June, given media as in Eristalis arbustorum.  6th July, L2 skins.  Pupation 26 July to 4th August (30 puparia counted).   Eclosion of adults [see Table].

The behaviour of the flies suggested that in this species the adults overwinter (cf Toth 1985, cited in Roder 1990).  It is still not clear whether in the field the larvae are also able to overwinter.  Copulation and oviposition of the resulting individuals could not be seen despite the long-day conditions (12 h) and temperatures above 20 C, but are not excluded with certainty (because of mixed rearing with E.arbustorum, oviposition behaviour very similar to this species).

